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(54) HARD FILM, HARD FILM COATED TOOL AND HARD FILM COATED MEMBER EXCELLENT IN WEAR 

RESISTANCE 

(5 7) Abstract 

PURPOSE: To produce a hard film excellent in oxidation resistance by (Al, Ti)(C, N). furthermore having high hardness 
and showing excellent wear resistance without deteriorating the base material adhesion characteristic of the TiN film. 
CONSTITUTION: The film formed on the surface of a base material has a chemical compsn. shown by 
(AlxTi1-x-ySiy)(N2C1-z); where 0.05≤x≤0.75, 0.01≤y≤0.1 and 0.64≤z≤1. The thickness of this hard film is 
preferably regulated to 0.1 to 20μm, and in the case the same hard film is formed on the surface of the base 
material by an arc discharge-system ion plating method, the hard film coated tool and hard film coated member 
excellent in wear resistance can be obtd. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



ft CLAIMS 



[Claim(s)] 

[Claim 1] It is the coat formed in a base-material front face (Nz (Alx Ti1-x-y Siy) C1-z). 

However, the hard anodic oxidation coatings excellent in the abrasion resistance characterized by consisting of a 
chemical composition shown by 0.05<=x<=0.750.0K=y<=0.10.6<=z<=1. 

[Claim 2] The hard anodic oxidation coatings according to claim 1 whose thickness of a coat is 0.1-20 micrometers. 
[Claim 3] A hard-anodic-oxidation-coatings covering tool and a hard-anodic-oxidation-coatings covering member 
excellent in the abrasion resistance characterized by coming to form a hard anodic oxidation coatings according to 
claim 1 or 2 in a base-material front face by the arc discharge method ion-plating method. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] this invention relates to the hard-anodic-oxidation-coatings covering tool and 
hard-anodic-oxidation-coatings covering member which demonstrate the abrasion resistance which was excellent by 
covering a hard anodic oxidation coatings useful as surface-coating material of a heat proof and anti-corrosion 
members, such as the surface-coating material of the antifriction member as which high degrees of hardness, such as 
the surface-coating material of the cutting tool used for a manipulation of milling, a cutting, a piercing, etc. or metal 
mold, a bearing, a die, and a roll, are required or a screw for making machines, and a cylinder, and this hard anodic 
oxidation coatings. 
[0002] 

[Description of the Prior Art] When the cutting tool with which high abrasion resistance, such as a high speed steel and 
a cemented carbide tool, is demanded forms hard anodic oxidation coatingss, such as TiN and TiC, in the base-material 
front face of a tool, wear-resistant enhancement is achieved. If the abrasion resistance of the above TiN and TiC is 
compared, TiN will be excellent in respect of [ TiC ] the oxidation resistance in a pyrosphere, and will demonstrate 
abrasion resistance to the crater of the tool rake face produced with the temperature increase by plastic working and 
frictional heat at the time of cutting. And TiN is excellent also in the adhesion with a base material. On the other hand, 
the degree of hardness of TiC is higher than TiN, and it has high endurance to the flank wear of the flank which 
touches **-ed material. However, even if oxidization start temperature was about 600 degrees C even if it was TiN 
excellent in oxidation resistance, and it was TiC which has a high degree of hardness, the Vickers hardness number is 
about 2000, and much more wear-resistant improvement was desired. 

[0003] then — for example, to JP,2-194159A aluminum which replaced a part of Ti by aluminum for the purpose of 
TiN, the oxidation resistance of TiC, or the enhancement in a degree of hardness, and the compound nitride and 
compound charcoal nitride [it is indicated as the following (aluminum, Ti) (C, N)] of Ti indicate — having — — 
oxidization start temperature — about 800 degrees C and Vickers hardness number — about 2500 — kg/mm2 ** — 
the hard anodic oxidation coatings which shows the property to say is developed However, in fields, such as a cutting 
as which much more high promotion of efficiency is required, the development of the hard anodic oxidation coatings 
which has the more excellent abrasion resistance was expected. 
[0004] 

[Problem(s) to be Solved by the Invention] It aims at offering the hard anodic oxidation coatings which demonstrates 
the abrasion resistance which this invention was made paying attention to such a situation, was excellent in oxidation 
resistance, without spoiling the base material adhesion which TiN coat has (C (aluminum, Ti), N), moreover has a high 
degree of hardness and was excellent 
[0005] 

[Means for Solving the Problem] The hard anodic oxidation coatings excellent in the abrasion resistance concerning 
this invention which could attain the above-mentioned purpose is a coat formed in a base-material front face (Nz (Alx 
Ti1-x-y Siy) C1-z). 

However, let it be a summary to consist of a chemical composition shown by 0.05<=x<=0.750.01<=y<= : 0.10.6<=z<=1 . 
[0006] In addition, as for the thickness of the above-mentioned hard anodic oxidation coatings, it is desirable to make it 
0.1-20 micrometers, and if the above-mentioned hard anodic oxidation coatings is formed in a base-material front face 
by the arc discharge method ion-plating method, it can obtain a hard-anodic-oxidation-coatings covering tool and a 
hard-anodic-oxidation-coatings covering member excellent in abrasion resistance. 
[0007] 

[Function] It aims at raising this invention persons' (C (aluminum, Ti), N) abrasion resistance much more. To the result 
(C (aluminum, Ti), N) which searched the alloying element effective in wear-resistant enhancement, the charcoal and 
the nitride which carried out minute amount inclusion of the Si have a high degree of hardness. And when satisfying 
0.05<=x<=0.75, 0.01<=y<=0.1, and 0.6<=z<=1 in the chemical formula which finds out that oxidization start temperature 
also becomes high and is shown with composition (NzC(Alx Ti1-x-y Siy)l-z) of a hard anodic oxidation coatings It 
traced demonstrating the abrasion resistance which became the oxidation-resistant good hard anodic oxidation 
coatings, and was excellent in the high degree of hardness, and this invention was completed. 

[0008] Since the hard anodic oxidation coatings which furthermore starts this invention does not spoil the outstanding 
base-material adhesion which TiN has, either, when it applies to base-material front faces, such as metal mold, and a 
tool, an antifriction member, the problem of sublation does not arise, but it can obtain the 

hard-anodic-oxidation-coatings covering tool and hard-anodic-oxidation-coatings covering member which demonstrate 
the abrasion resistance of a coat enough. 

[0009] In addition, it is thought that it is because the oxidization of Ti which starts by making Si contain as the 3rd 
metallic element at the time of an elevated temperature is suppressed or the protective film which consists of an 
aluminum oxide is remarkably made precise although the hard anodic oxidation coatings of this invention was not 
necessarily fully solved as ground for demonstrating the abrasion resistance which was excellent compared with the 
conventional coal 

[0010] Composition of the metallic element which constitutes the hard anodic oxidation coatings of this invention 
requires that x and y should satisfy conditional expression called 0.05<=x<=0.75 and 0.01<=y<=0.1 in (Alx Til-x-y Siy), 
respectively. The value of x is less than 0.05, or oxidation-resistant enhancement effect with the value of y sufficient 
by less than 0.01 cannot be acquired. Moreover, if the value of x exceeds 0.75 or the value of y exceeds 0.1, the crystal 
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structure of a coat will change from a cubic to hexagonal, coat hardness falls, and sufficient abrasion resistance is not 
obtained. In addition, as a lower limit of x, 0.25 is desirable, and it is more desirable that it is 0.56 or more. As a upper 
limit of x, 0.75 is desirable, and it is more desirable that it is 0.7 or less. As a lower limit of y. 0.01 is desirable, and it is 
more desirable that it is 0.02 or more. As a upper limit of y, 0.08 is desirable, and it is more desirable that it is 0.05 or 
less. 

[001 1] Moreover, although the abrasion resistance which was excellent even if this invention was the nitride of the 
above-mentioned metallic element and it was charcoal and a nitride is demonstrated, in the case of charcoal and the 
nitride, it is required for the rate of an atomic ratio of nitrogen to be 60% or more. Namely, Nz C1-z It is required to 
satisfy 0.6<=z<=1 , and when the value of z is less than 0.6, the oxidation resistance of a coat will fall. In addition, 
oxidation resistance will become better if the value of z is 0.8 or more. 

[0012] As thickness of the hard anodic oxidation coatings in the case of covering to a base material, it is desirable that 
it is [ 0.1 micrometers or more ] 20 micrometers or less. If it is less than 0.1 micrometers, abrasion resistance cannot 
demonstrate enough, but when 20 micrometers is exceeded on the other hand, a crack may go into a hard anodic 
oxidation coatings with impulse force, and it is not desirable. In addition, when applying to a cutting tool, in order to 
obtain the abrasion resistance which employed the property of the cutting edge of tool base-material original 
efficiently, and was excellent, 8 micrometers or less are preferably expected still preferably 1 micrometers or more of 
12 micrometers or less of the thickness of a hard anodic oxidation coatings still preferably about 2 micrometers or 
more and an upper limit. Moreover, although this invention does not limit the quality of the material of the base material 
which forms a hard anodic oxidation coatings, in order to exhibit the abrasion resistance which covered with sufficient 
adhesion on the base-material front face, and was excellent in it, hard matter, such as a cemented carbide, a high 
speed tool steel, a die steel, a cermet, and a ceramic, is suitable. 

[0013] In addition, what is necessary is just to use the technique of illustrating below, in adopting the arc discharge 
formula ion-plating method, for example, although the PVD represented by the ion-plating method, the sputtering 
method, etc. is mentioned as the technique of forming the hard anodic oxidation coatings concerning this invention in a 
base-material front face. That is, it is the metal component of aluminum, Ti, and Si which were made to ionize by arc 
discharge from the cathode which is an evaporation source N2 The ambient atmosphere and/or CH4 It can obtain by 
carrying out an ion plating in the ambient atmosphere, and if the target of the coat composition made into the purpose 
and the same metal composition is used, the coat of the stable composition will be easy to be obtained. Moreover, if 
bias potential is impressed to a substrate, since the adhesion of a coat can be raised much more, it is desirable. In 
addition, although especially this invention does not limit gas ** at the time of an ion plating, either, about 1x10-3 to 
5x10 to 2 Torrs are desirable, and if it is this within the limits, the wear-resistant precise hard anodic oxidation coatings 
of high crystallinity which was excellent much more will be easy to be obtained. 

[0014] Although an example is explained below, this invention not being limited to the following example, marking a front 

and the after-mentioned meaning, and changing suitably is included in the technical domain of this invention. 

[0015] 

[Example] 

In order to investigate the oxidation resistance of example 1 coat, equip an arc discharge method ion plating system 
with the base material which consists of the dimension 7mmx25mm platinum foil, and it heats at 400 degrees C. While a 
metallic element is evaporated from the cathode of the various composition shown in Table 1 It is N2 as reactant gas. 
Gas, or N2 / CH4 The test piece which covered with the thickness of 5 micrometers the coat of the various 
composition shown in Table 1 was produced by introducing mixed gas, and considering as the ambient atmosphere of 
7x10-3Torr, and impressing the potential of -150V to a base material. 

[0016] While composition of a coat was searched for by electronic »♦ ♦»♦♦»* X-ray microanalysis and the Auger 
electron spectroscopy, the oxidation test was performed on the following conditions. A result is shown in Table 1. 
(Conditions of an oxidation test) 

Temperature-requirement Room temperature - 1300 degree-C programming-rate:10 degrees C /, min ambient 
atmosphere : A dry air, atmospheric pressure air-flow-rate: 1 50cc/min [0017] 
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[0018] To oxidization starting N (aluminum, Ti) coat (No.1) of the conventional example at 820 degrees C, each 
oxidization start temperature of the hard anodic oxidation coatings (No.3-7) concerning this invention is 870 degrees C 
or more, and its oxidation resistance is improving so that clearly from Table 1. No.2 are an example of a comparison 
when there are few amounts of Si, and the oxidation-resistant enhancement with low oxidization start temperature 
does not accept 

[0019] The test piece was produced by the same technique as an example 1 except setting thickness of a coat to 10 
micrometers, using a superhard chip as example 2 base material. When the micro Vickers hardness of the coat formed 
in the test piece was measured by lOOg of loads, the result written together to Table 1 was obtained. The coat (No.3-7) 
concerning this invention shows the higher degree of hardness as compared with N coat (No.1) which is the 



2/4 



2002/01/07 11:42 



http://www4.ipdl.jpo.gojp/cgi-bin/tran_web_cgi_ejje 



conventional example (aluminum, Ti) so that more clearly than Table 1. On the other hand, No.8 are an example of a 
comparison when there are too many amounts of Si, and since the crystal structure of a coat is changing from the 
cubic to hexagonal, coat hardness is falling remarkably. 

[0020] The two sheet blade end mill with an outer diameter of 10mm was produced, having used example 3 cemented 
carbide as the base material, and the hard anodic oxidation coatings of the composition shown in Table 2 was formed in 
the cutting-part front face of each end mill by the thickness of 4 micrometers. Only No.2 formed the other hard anodic 
oxidation coatings by the arc discharge method ion-plating method, using the ion-plating method of a crucible vacuum 
evaporation© method as the formation technique of a hard anodic oxidation coatings. As membrane formation 
conditions of an arc discharge method, substrate temperature was made into 400 degrees C, each impressed bias 
voltage -150V, and reactant gas formed membranes by 7x10-3Torr. 

[0021] Using the obtained hard-anodic-oxidation-coatings covering end mill, the cutting examination of the following 
conditions was performed and the abrasion loss of an end-mill cutting-edge flank was measured. A result is shown in 
Table 2 and the drawing 1 . 
(Cutting conditions) 

Cutting Technique: **-ed [ side face cutting down cutting ] material : SKD1 1 (hardness HB219) 
Infeed : Rd ImmxAd It sends 10mm cutting-speed:60m /, and min. : 0.07mm / tooth (270mm/min) 
Cutting oil : air blow length of cut : 20m [0022] 



[Table 2] 
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[0023] As compared with the conventional example (No. 1 , 2), there are few amounts of flank wears and the 
hard-anodic-oxidation-coatings covering end mill (No.3-6) concerning this invention is excellent in the abrasion 
resistance to a flank wear so that clearly from the result of Table 2 and the drawing 1 . They are an example of a 
comparison when there are too many amounts of Si, No.7 have many amounts of flank wears, and its abrasion 
resistance is not enough. 

[0024] The JIS drill with an outer diameter of 10mm was produced, having used the high speed tool steel equivalent to 
example 4 JIS SKH51 as the base material, and the hard anodic oxidation coatings which shows composition in Table 3 
on a drill cutting-part front face by the same technique as an example 3 was formed. 

[0025] Using the obtained hard-anodic-oxidation-coatings covering drill, the cutting examination of the following 
conditions was performed and the cutting life was investigated. A result is shown in Table 3. 
(Cutting conditions) 

Cutting Technique: A hole dawn manipulation, **-ed [ 5 each cutting ] material : S55C (hardness HB220) 
Cutting-speed: Send 30m / min. : 0.15mm/rev cutting length:30mm (through hole) 
Cutting oil : water-soluble emulsion type cutting oil [0026] 



[Table 3] 
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[0027] As compared with the conventional example (No. 1, 2), there is much mean hole dawn number and the 
hard-anodic-oxidation-coatings covering drill (No.3-6) concerning this invention has a long cutting life so that clearly 
from the result of Table 3. They are an example of a comparison when there are too many amounts of Si, No.7 have 
little mean hole dawn number, and its a cutting life is short 

[0028] metal mold equivalent to example 5 JIS SKD61 — using material, the base material (No.1-3) with a dimension of 
40x20x5mm was produced, and the hard anodic oxidation coatings with a thickness of 5 micrometers was formed in 
each base material by the same technique as an example 1 TiN coat was formed in the base material of No.1, N coat 
was formed in the base material of No.2 (aluminumO.5 Ti0.5), N coat was formed in the base material of No.3 
(aluminumO.58TiO.39SiO.03), the thermal cycling test was performed on condition that the following, and endurance was 
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investigated as shown in Table 4. A result is shown in Table 4. 
(Thermal-cycling-test conditions) 

Thermostat 800 degree C - Holding-time:! 10 second cryostat Water cooling - Holding time: 10 seconds [0029] 



[Table 4] 
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[0030] The hard anodic oxidation coatings (No.3) concerning this invention shows the property which was excellent 
also to the heat cycle as compared with the hard anodic oxidation coatings (No. 1, 2) of the conventional example a 
passage clear from the result of Table 4. 
[0031] 

[Effect of the invention] this invention is constituted as mentioned above, the hard anodic oxidation coatings which 
shows the abrasion resistance and the oxidation resistance which were excellent even if it compared with conventional 
TiN coat and conventional N (Ti, aluminum) coat will be obtained, and the high degree-of-hardness member which 
demonstrates the abrasion resistance and the oxidation resistance which were excellent by covering the 
above-mentioned hard anodic oxidation coatings on a member front face further can be offered. 



[Translation done.] 



4/4 



2002/01/07 11:42 



(19)H*B^rt* (JP) 



«2> & ffl & H= i& $g (A) 



^3|Z7-3ioi74 

(43)&HB ^7^(1995)11^28B 



(5i)inta. s swie# Jr*i&3#*» fi &tfi&sffi?s 

C 2 3 C 14/06 H 8414-4K 

B 2 3 B 27/14 A 

B 2 3 P 15/28 A 

C 2 3 C 14/32 B 8414-4K 



#3E»3ft »^OSc3 OL (± 6 H) 



(2omH#^ 


te&m- 100154 


(7DWBA 


000001199 










(22)WHB 


¥»S6*P(1994) 5JJ13B 




»M*«^m»PXKJBSBr 1TB 3 *18^ 






<72)«I8# 


fflf 








ft*»W5*^ttB»r^^«SBA»179» 1 














(72)£9J# 


Olffl «2. 








ft*!ft(W5rt«lttBT&^<«lSA»179» 1 
























ft»»M5Tfr^ttf»r^^WiiAftl79# 1 














(74)«35A 


#JS± fit* A- 



(54) KM©**] HJ*fSteK«n*:e!H;m «s&R««xsxrwsH^8a««»« 



(57) [«*)] 

(Ai, Ti) (C f N) J:9ilB»ffc:ttlcffitLU 

(A 1 x T i 1-x-y S i y ) (Nz Cl-z ) 

(8 L. 0 . 05^x^0. 75 
0. OUy^O. 1 
0. 6 ^ z ^ 1 

0. i-20^ml:t5c^jiKU<, . *fc-LIEi«K 




(2) 



»Bfl¥ 7-310174 



(A 1 x T i 1-x-y S i y ) (Ni C|.| ) 

fB.Lv 0. 05^x^0. 75 
0. Ol^y^O. 1 
0. 6 ^ z ^ 1 

l E«tO«KJKJ». 
[If *«3] R*«i*fctt2Ett0K*£K*. T 

[0 0 0 1] 

J:oT«ixfc»«^*«»r6*«A«««X*ftV 

[0 0 0 2] 

Ki8«X*^a«*ftX*4iri«v>»» 
«tt^**S*t5«MX*tt, W^IItfiicT i N 
i C*o««aiBl*«*i-SCtfcJ:0»»«tt© 
Sj±*S0e>tbTV^S. JtSET iN^Ti COR^ftfi^ 

i C i Dfl&h/CJStK fflHiJ«F©aDXj»^»«|R^J:oX 

4C5Ilrt< v>ffico^ i — *B*6fc*tLTB**fett«: 
Ld»fcT i Ntt«WirO*«tt^fcffn"CV^ 
5o -*T i CUT i N«tO«ff^B5<, ffi^'J«*i:Si- 

ST i c-efcotR©if^-^aSii2 o o o§g 

[0 0 0 3] -tCT?0»J*.tfWH¥2- 1 9 4 1 5 9C 
n s T i N^T i COBIWfctt«^«*ofii±SrB»4:L 
T i CO— gft£A 1 Kl«jftLfcA 1 , T i <om^mt 

vo^m&mmitvo car iai, td <c, n> 

^5^(^2 5 0 0 kg/mm2 <tl>9#t££:^ 

•t««ft«l*H«*^'CV^. fib— ■<o»SIB*ft*K 
***urv^5«DHiJJnixftif©»»-Ctt, J: flffJxfcBB* 

[0 0 0 4] 

[WPlaWKSfcLJ: 5 SUM] 5 b/c^tfl 



LTftSJlfctorfcoT, T i NJF£fSiCD^Fi"<5 
ft*t**ttt»4 5l4:ft<, (AL Ti) (C, 
N) ±OB«ftttlc:«*LL**«>KR*«:#LTflEtbfcB 
*ftttSr*»-t--5«K«KS:*«-*-5 i k £ U&k-fZ 

[0 0 0 5] 

*M^«5B««ttl::«ix*:«Kfi«tli. IMfll: 

(A 1 x T i l-x-y S i y ) (Nz Cl-z ) 

ffiU 0. 05^x^0. 75 
0. 0Uy<0. 1 
0. 6 ^ z ^ 1 

ttZti&ik¥mtiLt>*bt£&Zk&mBk + &i><o-zlb 
[0 0 0 6] (Sj±IERKift]«OffStt0. l-20^m 

^wm^i-ffitt^asjsfliaax^t/ei^flsa 

[0 0 0 7] 

[fEffl] (A I , Ti) (C, N) OB* 

WJ:fc^ft»JlD5c»«r*»Lfc«*, (A 1 , T i ) 
(c, N) fcs i «:»*^#***:« • mUfefiHUTtf 

KAJK^JBJ** (A lx T i |-x-y S i y ) (NzCl-z ) 

^£;fr5fc^5£i;i:k^T0. os^x^o. 75, 

0. OUy^O. 1, 0. 6 ^ z ^ 1 «rnATS»fr 

tt, i«««^BIMktt©A»4i«K&BlfcftO«ix*:B 
[0 0 0 8] $f,l:^l^55ISMHT i NO* 

««««x*atwiitfaiw««B«ft»6 ^ t ^-ct 

So 

[0009] fo*&w<D&K&m&&jk<DBzm\ztt'<x 

fc:bltTtt&V^ x S i ft»3©ft«7£*i: LT*t* 

a i mtm*bftz>i%m&m*mi*<mmt'tz>fr 
[ooio] *mw<Df$w&m*Mf&'fz>&:m7tm<om 

f&tt, (Alx T i i-x-y Siy) Ul*5V*Tx, 

*0. 05^x^0. 75, 0. Ol^y^O. 1 tl^ 

5ftW : **:*J£i"awi:35Sie*^*)a. x offi^ o. o 
5*J«-e*>-5*\ ^^tiy^ffi^O. oi*»TO+d 
4BKftttO|p]±a!i*4:#5w4:^Tfettv\ itxO 



(3) 



7-310174 



4*5 % x©TH»i:Lrtto. 2 5asffit<, o. 5 

0. 7 5#ff*K, 0. 7J£JLTT*>5wtd5J:i9Si* 
LV\ y^TPSfiSir UliO. Ol^fftK, 0. 0 
2«-±^*>5CtdSJ:«9a*Lv\ y (D±PIfiI<t LTte 

[0 0 1 l] *fc#»Wtt±IEft*5£ll»0»t<b-C*)o 

• mtm<om^, 6 o%j^_h-e 

IP*>N* Ci-z -CO. 6^2^ 
1 ^iJ£t5l^^£^-e^^ zOtt^O. 6*SStf> 
t»*ttAHl©»iWfctt^iSTL-CL*5. ft. z coffin 

[0012] X»lc««i-5»^o«KjftBl<0** t L 
til, 0. 1 /imJ^±2 O^mOT^S^t^L 
\i\ 0. 1 /im*M"C*>5iffi*»*^+»«»t?SF 

?7>y?tfAZ>^bfrhV), S*L<4v\, ft is. «JBU 

L < H 1 * mJEJLt. 3Etd»*b<tt2 Mm«± H * 
fc±RBMov*T 1 2 /i mOT, 5E^#*b<»i. 8 Mm 

&^i«3f«X*a. f-^yK -fe^Sy* 

[0013] K^^t:i6ifSl^MIIl:M 
i-5;£ifc£: urn, ^^-^u-x-f 



1, T i 3o£tf S i co&jg^^ N 2 SH^CioJ:^/ 

ftiicH^ ^h^-tm ^t/u— y^tsc t 
mtzj&<o*-y* ^MtHn sELfcajso&m 

(-PS^i-^t><^-CHftv^5 x ixio - 3 — 5X10 - 2 T 
[0 0 14] «T3*tt«fco^TttW+5as, 

[0 0 15] 

mmm\ 
mmm 1 

fem<Dm&1k&%m'<Z>tctb, #7mmX25mm^ 

y/SIi:S«LT4 o cmninjftu * i l-^-f-fi* 

iS^^^bTN 2 ^fc^VMtNz / CH4 »-&^^Sr 
iAU7X 1 0- 3 T o r r CD#H^£ U loS^l^l 

-l 5 ov<Dm&&mvi-z^b^£^xmi\z7jk'i-m 
[0016] i^-^xs^ ^ d r t u >^ioi 

rUSIaffi : ^rM- noot 

: 1 O'C/m i n 

££tffit§ : 1 5 0 c c /m i n 
[0 0 17] 



(4) 



7-310174 



Nd 






« nt ti a 


it) 


(Hv) 


« * 


1 


A 1 T i 
Al 0.6 1 l 0.4 


N 

N 2 


k 0.6 1 0.4 ; N 


OCv 


2720 






A 1 Ti Si 

A1 0.S9 j l 0.30 b 1 0.005 


M 

N 2 


tA1 0.7 Tl 0.29 51 0.007 ' N 


Mil 




o 


A 1 T • Ci 

AI 0.M J l 0.4 ^ ^.Ol 


M 


(A1 0.6 Tl 0.39 S l 0.0l' N 


Old 






4 


A 1 Ti Si 
0.59 l 0.4 a 4 0.01 


M /CH 
1 2 4 


kAA D.6 1 1 0.39^ 'o.Ol'* 0.8 u 0.2* 


870 


3180 




5 


AL 0.57 T L 0.38 S ^.05 


N 2 


^ A1 D.57 T i 0.38 S i 0.05* N 


1020 


2950 


m 


6 


Al 0.57 Ti 0.38 S { 0.Qh 


N 2 /CH 4 


(A 1 Q 6? T i Q 38 S i Q 05 ) (N o g C Q x ) 


950 


3060 


m 


7 


A 1 0.54 T 1 0.36 S 1 0.1 


N 2 


(A1 0.54 Ti 0.36 S ^.1 ) N 


1100 


2750 




8 


A1 0.48 Ti 0.32 Si 0.2 


N 2 


(A1 0.5 Ti 0.3 Si 0.2 ] N 


1120 


1900 





[0 0 18] mi ^ fc. (a 

1, Ti) N&m (No. 1) 8 2 OTCTfWtJfiSMJft 

i-*tf>fC*tU #*WK«5W«jRBS (No. 3-7) <£> 
■Mb»H*a«ttV^-f ttt 8 7 OTCj£JL_L-e& 19 , ITBtffctt 
^fD]±LTV>5o No.2|j:S i g^'>#V^^Ott$£0iJ 

[0019] HJfc^J 2 

Si 0 0 z-cmmvtzb *lfc»|B-t"S«*as» 

(No. 3-7) (Al, Ti) Nj£JHI 

(No. l) tltKLT X !9iBt«SS:^Ltv^ 0 — 
No. stis i *ds#iflcV5»^otbt(iW-c*>»), 

[0 0 2 0] 



fit^arn no. 2/citn5o(^«^o-r^ 

4 O OttU /^T^1E$:-1 5 OVWL, Rjft 
^^t^7 X 1 O- 3 T o r r «Lt 

[0021] m^itmK&mtm^b^^m^ 

"To 
(^3S'J^f+) 



ttMtt 

i n) 
[0 0 2 2] 

im2] 



SKD 1 1 (fj!£HB 2 1 9) 
Rd ImmXAd 10mm 
6 0 m/ m i n 

O. O7mm/tooth ( 2 7 0 mm/m 



2 O m 



(5) 



7-310174 



Na 






(mm ) 




1 


T—Ptifitft&i P& 


(A K „ T i A « ) N 
1 0. 6 0.4 






2 


£Offa»;fi*I P& 


v 0.8 0.2 


0.140 


3 


P£ 


(Al nc Ti n M S i ft fl J N 
0.6 0.39 0. 01 - 


0.038 




4 


7— ^WMhAl Pi* 


(A1 0.58 Ti 0.39 Si 0.03^ N 


0.032 




5 


7-:>am*5U P& 


* A 1 0.57 Ti 0.38 S 1 0.05^ N 


0.039 


ft 


6 


7~^mw:i p& 


(A l 0.54 TI 0.36 S 1 0.1 > N 


0. 047 




7 


7—>WCKh*.l P& 


(A1 fl ;5 Ti 0.3 Si 0.2 ) H 


0.210 





[0 0 2 3] m 2&£X*m l©S»P)^f)M X 0 

**W^«5S!KJKBI««^>K^/^ (No. 3- 
6) (No. 1, 2) £Jfc«LTS£lf[Be« 

5o no. 7f*s i mfr&T&€z>m&<o)stem-?ib*). 

[0 0 2 4] 3l*S#J 4 

J I S«»SKH5 lffiS^i«jSSX*»SrS»fc LT 
^81 Ommco J I Sl^Ky^lSU 3 t 

[0025] nhtitz^n&m^mvv^^m^^x, t 



E*fr©»IW»«ftfT4vMWIId»*«:ll^*:. *S*W* 

3 (-^~r 0 

(9JBiJ*#) 



IBM** 

[0 0 2 6] 
1^3] 



S55C (5|^HB 2 2 0) 
3 0 m/ m i n 
O . 15 mm/ rev 
3 Omm (Mal/C) 



Na 








m % 


1 


7-*JWKfi*I Pfc 


(Al Q6 Ti 04 ) N 


638 




2 




Ti (N 0 fi C Q 2 ) 


322 


3 


7-^3K«5Wl P£ 


< A 1 0.6 Tl 0.39 S W N 


755 


is 


4 


7-^sm^^i p& 


* A *o.58 T 1 0.39 s ^.03^ N 


988 


5 


7~*flm*jU P& 


(A, 0.57 Ti 0.38 S ^.M* N 


866 


6 


7-*4M#*I P& 


(A W l 0.36 Si 0.1> N 


7 92 


7 


7-*tt«**i p& 


(A1 O.5 Ti 0.3 Si 0.2> N 


1 80 


ttxtm 



[00 2 7] *3co*S*^p>Mp>^4J:5^. 

K!^ (No. 3-6) tt, f£3KM 
(No. 1, 2) iH:«u-C¥*S?tM»t«»as*<«lBiJ 

no. 7«s i m&&j&€ z»&<Dt£&m 

[0 0 2 8] 5 

J I Sfi»SKD6 lffi^o&SWSrffi^-C, ^4 0 
X2 0X5mm(OS^ (No. 1 — 3) i^ML, 
OS«(-^JSCT 1 t m^(0^mxm £ 5 // m<£HK«j£fflt 
^4 i^^-T <t^5»9 . No. 1 OSM^iT 



iNjftJK*:«ritU No. 2oM{:ii (Alo.s Ti 
0.5 ) NjMtSf*J*t, No. 3cDSW(-t± (A 1 0.58 
T i 0.39 S io.oa ) Nj£jfi£JK/£U TIEOft«=-Cl»* 

ffirftW : 8 0 0t .- &&mm : 110^ 

: 7k# - ««fB#W : 1 0 f> 
[0 0 2 9] 
[214] 



(6) 



l^sp 7-310174 











1 


T i N 


1 50 




2 


< Al 0.5 Ti 0.5> N 


635 


3 


(Al 0.58 Ti 0.3<I S W N 


960 





[0 0 3 0] *4O*8*a»fc9!e>a>ftji0> *J69!fc« 

(No. 3) (No. 
1, 2) fcttttLTfia*-r^^Wc#Lr<>«ixfc«M4Sr 

[0 0 3 1] 

i NSl^ 5 (T i , A 1 ) NSlt ItS LTtffi 



rtti^ *G>l3:±IERK&ll!lSr«IW*aB^*«i-5 
r fcfcJ: 0aEixfcB»«tt&^B*fbttS:«}»i-5iKI5! 

* 5 d i 4: ft o fc. 
[HK0M»ftK9U 

[Ell] *JS«T»*l*ffiK«X*<!DSSlfffi»«*fc« 



[mi ] 




0 10 20 30 



